ABSTRACT. Background. Turner syndrome (gonadal dysgenesis with sex chromosome abnormalities) is recognized to be a disorder in which cardiovascular malformations are common. The prevalence and natural history of these findings, the risk for aortic dissection, and the occurrence of cardiovascular disease have all been the subject of debate, as have been the American Academy of Pediatrics recommendations for cardiac screening of patients with Turner syndrome.
obtained. Referral to a cardiologist first may be appropriate, but physical examination does not substitute for visualization. Individuals with and without evidence of structural cardiac malformations should be monitored for HBP on a lifelong basis. In the absence of structural cardiac malformations or HBP, the risk for aortic dissection appears small, and repeated echocardiography or magnetic resonance imaging to follow aortic root diameters does not appear to be warranted based on data currently available. Protocols for following patients with structural malformations need to be individualized, and wholesale recommendations have little merit. A longitudinal study using magnetic resonance imaging or cardiac echocardiography to establish normal parameters for aortic root diameters and to follow aortic root changes is needed. Pediatrics 1998;101(1). URL: http://www. pediatrics.org/cgi/content/full/101/1/e11; aortic dissection, Turner syndrome, sex chromosome aneuploidy, hypertension, congenital heart disease, mortality.
ABBREVIATIONS. Coarct, coarctation of the aorta; BAV, bicuspid aortic valve; MVP, mitral valve prolapse; HBP, hypertension; AS, aortic stenosis; ASD, atrial septal defect; MS, mitral stenosis; VSD, ventriculoseptal defect.
T he occurrence of cardiac malformations in Turner syndrome (gonadal dysgenesis with sex chromosome aneuploidy) has long been recognized. 1 The most common heart defects are coarctation of the aorta (Coarct) and bicuspid aortic valve (BAV). A host of other structural alterations are also found. [2] [3] [4] More recently, an increased risk for aortic dissection has been suggested, 5 a concern that has resulted in a recommendation for repeated (annual) echocardiography 6 that, in turn, has generated a heated debate. [7] [8] [9] [10] [11] I report here the cardiac findings in a cohort of individuals with Turner syndrome that has been followed in a clinic established in 1977 12, 13 to delineate the natural history of Turner syndrome. I review the literature and make recommendations for care and additional investigation based on these data.
MATERIALS AND METHODS
A total of 244 of 462 individuals with karyotype-proven Turner syndrome in our clinic population have had cardiac echocardiography performed on at least one occasion. An additional 28 have had normal examinations by cardiologists, but they are not included in the results, because structural malformations may not result in detectable murmurs or electrocardiography changes. Of the remaining 190 patients, 11 were detected prenatally and the pregnancies terminated. The remainder have been lost to follow-up or refused evaluation by cardiologists and/or echocardiography.
Participants have been recruited from a variety of sources. No systematic approach to cardiologists or cardiac clinics has been made. Only those patients with hypoplastic left heart syndrome were first referred for cardiac disease. Patients have been referred primarily for diagnostic evaluation (because of congenital lymphedema, dysmorphic features, short stature, or primary amenorrhea) and for genetic counseling and management after the diagnosis was made either prenatally or postnatally. Referral sources have included pediatricians, family practice physicians, medical geneticists, dermatologists, perinatologists, internists, gynecologists, endocrinologists, orthopedists, lay support groups, and self-referral.
Among these 244 individuals, the average follow-up time from diagnosis of Turner syndrome to date of last contact was 10 years; for many, all medical records were available including those predating the karyotypic confirmation of diagnosis. The number of visits for each patient ranged from 1 to 43, with a mean of 10.
The echocardiography has been performed at a variety of institutions. The majority were done at Children's Hospital and Medical Center, Seattle, WA.
Literature review included searching Medline from 1965 to the present and reviewing earlier citations in the bibliographies of later case reports.
RESULTS
Of 244 individuals, 136 had cardiac abnormalities, including structural malformations, hypertension (HBP), conduction defects, and mitral valve prolapse (MVP). Details are given in Table 1 and compared with those found in another large series in the recent medical literature. 3 The distribution of cardiac malformations by karyotype in this clinic population and from studies in the literature 3,14 -18 is detailed in Table 2 .
The mean age at the time of their last evaluation or contact with us of the entire clinic population is 18.4 years (range, 0 to 80; SD, 13.7 years). The mean age of those with cardiac findings, including HBP alone and MVP is 21.1 years (range, 0 to 80; SD, 16 years). Those without cardiac abnormalities have a mean age of 15.0 years (range, 0 to 76.6; SD, 12.7). Because HBP is a finding more common among the older patients, these differences are not surprising.
Of 24 patients with BAV alone, 14 had had ausculatory evaluation by a cardiologist on one or more occasions before echocardiography. Of these ( Table 4 .
In addition to the two individuals who died with or because of aortic dissection, one child has had ballooning of the aorta occur at the site of a coarctation repair. She continues to do well.
In the literature, there have been 42 instances of aortic dissection occurring in individuals with a clinical diagnosis of Turner syndrome and one with dilatation of the aorta and aortic regurgitation only 2,5,19 -51 (Table 5 ). For 12, no karyotype information was given 19 -22,32,34,43-45 ; 4 had only buccal smears obtained. 26 -28,33 Three had had karyotyping performed, but specific results were not given. 39, 50 Twenty-nine of the 42 had preexisting Coarct, BAV, or both. Three of these 29 patients experienced dissections immediately after coarctation repairs. 36 One individual had aortic regurgitation and left ventricular hypertrophy noted before dissection, without other structural abnormalities. 25 One patient had aortic regurgitation 31 and another had aortic stenosis 50 without coarctation or BAV. Sixteen individuals had HBP of whom 5 were not known to have structural cardiac malformations 19, 34, 38, 42, 51 . Only five individuals had no known predisposing risk factors for aortic dissection. 25, 39, 41, 46 Of these, one did not have an echocardiogram performed, 25 no information about the aortic valve was given for a second, 25 and no information about coarctation or bicuspid valve was given for a third. 39 Of 45 individuals from the medical literature and this clinic population, only 3 experienced dissection of the aorta in the absence of documented predisposing risk factors.
DISCUSSION
There are three questions that need to be answered about management of the cardiac aspects of health care for individuals with Turner syndrome: 1) What is the risk for cardiac complications in this population? 2) What is an appropriate program for management including screening and monitoring? 3) What studies need to be performed to better answer questions 1 and 2?
Risk

Malformations
The increased risk for congenital heart malformations in Turner syndrome is undisputed, with a prevalence ranging from 17% to 45% 1,3,14 -18 (this study). Although there are differences among surveys as to the prevalence of specific lesions, eg, coarctation versus BAV, these differences are unimportant from a patient-management standpoint. The different over- (9) 14 ( all rates and distribution of specific lesions may simply be attributable to the small number of subjects in most studies. The most common lesions are Coarct, BAV, or both, followed by other aortic valve abnormalities. Hypoplastic left heart occurred in three of the patients with Turner syndrome in this clinic and has been reported in others. 52 It is a rare malformation and affects males more commonly. Its presence in a female newborn is an indication for karyotyping.
There are, in my opinion, inadequate data to allow for conclusions regarding phenotype:karyotype correlations in regard to congenital cardiac malformations in Turner syndrome. The number of individuals with the less common karyotype groups that have been studied is simply too small to analyze in a meaningful way. It appears that the occurrence of cardiac malformations among patients with an isochromosome Xq, with or without mosaicism for a 45,X cell line, is lower than for the 45,X patients and the Turner syndrome population as a whole (8/69, 12% vs 124/318, 39%, and 181/ 519, 35% [all except those with iXq]). Whether this difference is real ( 2 ϭ 20.64; P ϭ .0003) or an artifact because of the small number of patients, the absolute risk for cardiac involvement in patients with i(Xq) is high enough to warrant a similar program of monitoring.
Aortic Dissection
It is well established that Coarct, BAV, and HBP are associated with a risk for aortic dissection in populations without Turner syndrome. 53 Hirst et al, 54 in a report on their patients and a review of the literature, found coarctation in 9% to 23%, BAV in 23% to 42%, and HBP in 63% of cases of aortic dissection. Gore and Seiwert 55 reviewed 85 cases of dissection of the aorta. Of these, 8 had BAV, 3 had coarctation, 1 had both, 2 had BAV and another cardiac abnormality, 1 had coarctation and arachnodactyly. It is reasonable to assume that patients with these findings and Turner syndrome are at no less risk than individuals with these features without Turner syndrome. There is little evidence to suggest their risk is higher.
There have been two studies suggesting that baseline aortic root diameters in Turner syndrome are increased. 56, 57 Allen and colleagues 56 evaluated 28 girls with Turner syndrome by echocardiography and compared their aortic root diameters with those of a control group of girls with similar body surface area measurements. The mean age of the latter group was 4.7 years younger. An age-matched control group was not evaluated. Although the mean aortic root diameter of the patients with Turner syndrome was significantly greater than that of the control group (2.59 Ϯ 0.26 cm and 2.24 Ϯ 0.25 cm, respectively, P ϭ Ͻ.001), nonetheless, the aortic root diameters of the patients with Turner syndrome were still well within normal limits. Dawson-Falk and colleagues 57 evaluated 40 patients with Turner syndrome by echocardiography and MRI. Aortic root diameters for all were within the normal range for body surface area, although, again, the mean aortic root diameter of the group was above the mean for a normal population matched for body surface area.
It is not inherently obvious that the appropriate control group for these patients is one matched for height rather than for age. It is unproven that aortic root diameters that are relatively large for body surface area, yet still well within normal limits, imply a risk for progressive dilatation. To date, no longitudinal studies of aortic root diameter changes in patients with Turner syndrome have been performed. There is no evidence to suggest that patients with Turner syndrome experience progressive dilatation of the aorta over time, in the absence of predisposing risk factors, as occurs in Marfan syndrome, and no evidence to support recommendation for prophylactic use of ␤ blockers. The risk for aortic dissection in Turner syndrome appears to be almost entirely a consequence of structural cardiac malformations and hemodynamic risk factors, rather than a reflection of an inherent abnormality in connective tissue. In those individuals with structural changes known to predispose to dissection, it is not known whether dissection is an acute process or the result of slow, progressive dilatation. 
Management
Baseline echocardiography is absolutely indicated when the diagnosis of Turner syndrome is made in an individual. Dependence on ausculatory findings is inadequate, as demonstrated in this study (Table  3) . With a baseline risk for cardiac malformations approaching 40%, the yield of echocardiography is sufficiently high to warrant its wholesale use in these patients. If cardiac malformations are detected, recommendations for additional monitoring need to be individualized, and until we have shown differently, probably ought to be similar to recommendations for the specific cardiac lesion any individual (eg, antibiotic prophylaxis in the presence of BAV, repeat evaluation and echocardiography in subclinical Coarct). All patients should be followed with age-appropriate examinations during early childhood and thereafter by yearly physical examination with checking of blood pressure and thyroid function. The detection of abnormalities at any age will require individually tailored plans for management. Monitoring lipids is probably reasonable to perform in patients with Turner syndrome but should remain at the discretion of the health care provider until a clear risk for lipid-related disease in these patients is established. 
Research
To determine whether a risk for dissection of the aorta higher than that in the general population with similar risk factors exists in Turner syndrome, and whether the occurrence of dissection is preceded by slow dilatation of the aortic root, perhaps allowing for prophylactic intervention, a longitudinal study using repeated echocardiography needs to be performed. Is there an acceptable range of aortic root diameters in this population that is different from that of the normal population? Comparisons with age-matched controls and height-matched controls, both from the general population (eg, short women without sex chromosome abnormalities) and those with other skeletal dysplasias (normal aortic root diameters may be different for population groups that are generically small, such as children, rather than those that are skeletally small only), should be done. This may allow us to identify a subset of individuals with Turner syndrome whose aortic root diameters fall outside the range for Turner syndrome and to determine whether they are at higher risk for aortic dissection and therefore should be followed more closely.
A systematic longitudinal and cross-sectional evaluation of blood pressure and lipids, correlated with family history, diet, weight, ovarian hormone replacement, and thyroid functions needs to be performed. Reliance on data from individual patients results in unacceptable bias. Individuals with signs and symptoms are more likely to be tested; such information is primarily cross-sectional, and not longitudinal, and often unsuitable for interpretation, because not all of the possible confounding factors, such as family history, have been evaluated.
It is difficult to design, fund, and perform the longitudinal natural history studies that are necessary to better answer the questions of risk and management. These studies require long-term commitment on the part of both the investigator and the subject, both of whom are at risk for burnout, relocation, or death. These studies require consistency among collaborators. Laboratories differ in their methods and standards, and echocardiographers vary in their skill and interpretation. Funding is an issue. Although some of these tests are warranted on a health care basis and therefore justifiably charged to insurance, others can only be viewed as potentially useful to the Turner syndrome population as a whole, and not necessarily indicated for the given individual.
Until we find the means to perform these studies, however, we will continue to be frustrated in our ability to provide patients with Turner syndrome and the practitioners who care for them prudent, cost-effective, beneficial guidance.
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